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Abstract
 The interaction is the key element used in 
Collaborative Learning Environments to understand the 
process of knowledge building and the role played by each 
student in it. Interaction analysis can provide support for 
the students' reflection and self-regulation processes as well 
as for the teachers' activities. But to perform the analysis 
process, it is important to discover and register the context 
where each interaction has occurred, in order to 
understand the meaning of user interactions. However, 
although there are several approaches for Interaction 
Analysis in Computer-Supported Collaborative Learning, 
there is a lack of methods and tools that consider: (1) the 
context where the interactions have occurred; (2) the 
different needs of feedback from the point of view of teacher 
and students; and (3) the necessity of contextualized 
historical information to produce more complete and 
semantically rich reports for students and teachers. In this 
light, this paper presents a Learning Interaction Memory 
(LIM), used to store the learning interactions occurred in 
Computer-Supported Collaborative Learning 
Environments, taking into account the context where they 
have occurred. The LIM was modelled in a 
multidimensional structure so that interactions can be 
viewed from different perspectives and can be presented 
selectively, according to users' needs. This paper also 
presents the process of construction and exploration of the 
LIM and a Context-Based Analytical Environment called 
SmartChat+: an environment for collaborative discussions 
of specific subjects that uses the LIM. In order to show the 
feasibility of the LIM, a series of exploratory studies was 
carried out, yielding good initial results, especially in what 
concerns feedback from the users. 
Keywords: Interaction Analysis, Collaborative 
Learning, Group Memory, Context, CSCLE.
1. INTRODUCTION
 Collaborative Learning is a strategy in which small 
teams, each with students of different levels of ability, use a 
variety of learning activities to improve their understanding 
of a subject. Each member of a team is responsible not only 
for learning what is taught but also for helping teammates 
learn, thus creating an atmosphere of achievement and 
collaboration [14]. Computer-Supported Collaborative 
Learning (CSCL) applications for online collaborative 
learning are characterized by a high degree of user-user and 
user-system interaction and hence generate a huge amount 
of information. 
In general, CSCLE (Computer Supported Collaborative 
Learning Environments) can offer greater opportunities to 
share and solicit knowledge through the interaction. In 
most situations, externalization, articulation, argumentation, 
negotiation of multiple perspectives, are considered to be 
the main mechanisms that can promote collaborative 
learning [44][47]. When learners work in groups they 
reflect upon their ideas (and those of their colleagues), 
explain their opinions, consider and discuss those of 
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others, and as a result, they learn. In this way, each learner 
acquires individual knowledge from the collaborative 
interaction. In this light, interactions taking place in 
CSCLE are one of the most important visible aspect of 
collaboration and the analysis of these interactions could 
provide information to teachers (so that they are able to 
follow the evolution of students in the short, medium and 
long terms) and to students so that they can improve their 
knowledge and reflect about it. However, in most current 
CSCLE there is a lack of proper mechanisms to store and 
retrieve past interactions. Thus it is much more difficult 
for group members (and instructors) to retrieve 
knowledge that has already been shared. This may hinder 
the learning process – members miss an opportunity for 
reflection – and the evaluation process – instructors have 
a harder time carrying out continuous, diagnostic 
evaluation of the group development.
In this state of affairs, a basic requirement to support 
the analysis of collaborative interactions is to provide an 
adequate persistence mechanism to store the 
interactions. Without persistence, interaction is 
ephemeral and cannot be shared afterwards with people 
who were not involved at the time it occurred [4]. With 
an adequate persistence means, the interactions will 
constitute what we call Learning Interaction Memory 
(LIM), which makes historical information about the 
interactions readily and selectively available when 
required. Thus, the LIM should be modelled in such way 
that stored interactions can be viewed from different 
perspectives (e.g. information can be easily crossed or 
filtered) and presented selectively, according to users' 
needs (i.e., depending on their context, users could 
access different information). Indeed, the LIM’s model 
should facilitate the interaction analysis as well as to 
provide access to the information and construction and 
generation of customized reports to teachers and 
students.
Other point to consider when constructing a complete 
historical model to store the learning interactions is to 
capture and store the context where each interaction 
occurred [6]. Context is a collection of relevant conditions 
and surrounding influences that make a situation unique 
and comprehensive [5]. In many cases, only the context 
can provide the complete understanding of many 
interactions, actions or events and the correct cues that 
allow the CSCLE to correctly analyse the interactions in 
order to better support user reflection and to provide 
adequate feedback [1][33]. Through the analysis of the 
contextualized information stored in the LIM, it is 
possible to characterize interactions for a better 
understanding of the collaborative learning process.
In this light, this paper proposes the creation of the LIM 
to store the learning interactions occurred in CSCLE. The 
LIM takes into account contextual information (to enrich 
the stored knowledge) and is modelled as a 
multidimensional repository. As a result, the interactions 
can be explored in different dimensions and levels of detail, 
and specific feedback can be provided to both teachers and 
students (an advantage over common log files). This paper 
also presents a summary of a process for the construction 
and exploration of the LIM and an environment for 
collaborative discussions of specific subjects that uses the 
LIM, together with the initial exploratory studies carried 
out with this environment. The results of the exploratory 
studies indicate the feasibility of this kind of memory to 
support effective learning. The contextualization of the 
interactions and the following creation of the LIM are parts 
of a complete context-based process for interaction analysis 
proposed by Siebra and colleagues [36] which is 
summarized in Section 3 of this paper.
The remainder of this document is structured as 
follows: Section 2 discusses the importance of the LIM 
and present some related work. Section 3 briefly describes 
the context-based process for interaction analysis in which 
the LIM is one of the generated artefacts. Section 4 
discusses the semantic enrichment of the LIM through 
interaction contextualizing. Section 5 presents the 
modelling and creation of the LIM. Section 6 discusses 
the implementation issues related to SmartChat+, a 
context-based analytical environment that uses the LIM. 
Section 7 shows the exploratory studies carried out with 
SmartChat+ and discusses their results. Finally, section 8 
presents our conclusions and suggestions for further work. 
2.  THE IMPORTANCE OF THE LEARNING 
INTERACTION MEMORY
 One of the key elements of success in group work is 
the use of an organizational memory (OM) that stores the 
knowledge gained from past work of the group [35]. The 
OM was defined as “stored information from an 
organizations’ history that can be brought to bear on 
present decisions” [49]. By keeping track of past solutions 
to organizational problems as well as the rationale behind 
past decisions, organizations can avoid wasting time, 
money and effort. The OM can facilitate group learning, 
provide justification for group decisions and improve the 
efficiency of group decision makers. A type of 
organizational memory is the group memory, which can 
be used in various group tasks such as, meetings, trainings 
and projects. Satzinger, Garfield and Nagasundaram [34] 
describe how contents of group memory in Group 
Support Systems influence ideas generated by individuals. 
Kantor and colleagues [22] discuss how to provide 
awareness for the group members using the information 
in the group memory. 
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Nowadays, there are several proposals of CSCLE (e.g. 
[17][19][44]) that provide a wide variety of interaction 
mechanisms such as forums, blackboards, chats, email 
and videoconferences. However, one of the main 
problems with the use of interaction mechanisms in 
CSCLE is the frequently inappropriate match between the 
interaction mechanism available and the persistency 
required [4]. Group members may find it difficult to recall 
and justify their decisions when using interaction 
mechanisms with low or no persistence. Important 
information may be lost or needed to be reproduced 
several times so that the group can achieve a desirable 
level of common knowledge [4].
While researching CSCLE that use group memories as 
a source of information to generate feedback for students 
and teachers, we have analysed some collaborative 
environments and the evaluation processes used for them 
(e.g. [9][11][19][25][31][43][44][48]). We have observed 
that most of the environments have inadequate 
mechanisms for interactions’ persistence - group 
members may find it difficult to recall and justify their 
decisions when using interaction mechanisms with low or 
no persistence. Although most of them provide a way to 
store previously sent or received messages (e.g., by using 
sequential log files, normally organised in temporal order 
or in XML hierarchies), what it is really needed is a group 
memory to store the information. Thus, it would be 
possible to comfortably refer to it, add new contributions 
and analyse the stored information, according to the user’s 
needs. Such a group memory would be an invaluable 
source for evaluating the collaborative process. 
Other issue to consider is the absence of the context of 
the information in the group memory. A barrier to the 
effective use of group memories is that the usual approach 
to building group memories based only on preserving 
information, fails to preserve the context which gives the 
information meaning, the very thing that allows them to 
be useful in the future, when the context has changed [8]. 
All the collaborative environments analysed neglect the 
context where the interactions occur when they create the 
interaction history. However, the identification of the 
contextual elements is relevant to characterise, enrich and 
qualify the interactions. Moreover, identifying the context 
in which the interactions occurred is fundamental to 
extract the knowledge produced in them. In that respect, 
the method proposed by Daradoumis et al. [11] is an 
exception – they consider both qualitative and quantitative 
aspects of the collaborative interaction. In performing 
Social Network Analysis, they consider part of the 
context where the interactions were produced.
Furthermore, we have observed that most 
environments do not use the stored information to 
generate any feedback or reports for students and 
teacher and even the systems that provide feedback do 
so through reports or statistics generated from the 
interaction log, and only at the end of the discussion. 
There is no feedback provided during the discussion (in 
that respect, the OXEnTCHÊ [48] is an exception).
In brief, although many CSCLE provide a way to 
store previously sent or received messages (e.g., by using 
sequential log files, normally organised in temporal 
order), what is really needed is a shared space to store the 
information in order to comfortably refer to it and add 
new contributions. This shared space is the LIM. Thus, 
the LIM is the record of the complete group interaction 
process. It is the result of a process of accumulating data 
generated by group members during discussions in 
synchronous and asynchronous tools. The LIM is an 
important resource in collaborative dialogue since it 
provides a common reference to previous activity (unlike 
most spoken dialogues) that may encourage reflection and 
more effective collaboration [7]. This kind of information 
could help users to reuse historical information to solve 
future problems, reminding participants of previous ideas 
(encouraging elaboration on them) and possibly serving 
as an agenda for further work. By exploring the LIM, 
teachers will have access to information that supports a 
continuous evaluation of their students, their learning 
strategies and the lessons’ content, and they can get more 
indications about the proper moment to interact and 
motivate their students. All of these capabilities can 
significantly improve the potential success of computer 
based learning processes. Additionally, using the 
information stored in the LIM, teachers/systems can better 
decide which one is the adequate feedback for a given 
situation.
In order to generate the LIM, it is necessary to 
consider two fundamental issues: the collaborative 
interactions (type and quantity) and the context in which 
they have occurred. Below we present a Context-Based 
Process for Interaction Analysis that produces the LIM 
and guides its exploration. When presenting the process, 
we will focus on the stages that are directly related to the 
production of the LIM. 
3.  A CONTEXT-BASED PROCESS FOR 
INTERACTION ANALYSIS
 In order to analyse user interactions so that we can 
support the students’ reflection process and the teacher in 
her/his activities, we have developed a four-stage Context-
based Process for Interaction Analysis1 (see Figure 1). 
1 All figures of the process were made using the SPEM (Software 
Process Engineering Metamodel) notation [45]. 
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consumes generates
Figure 1: Stages of the Context-Based Process for Interaction Analysis 
Stage 1: Structuring is the first stage of process 
because it makes the intention of the exchanged 
messages and the relations among them explicit. In 
this stage, the input is all messages (User 
Interactions) exchanged by users in the chat 
environment. The stage objective is the categorisation 
(either automatic or user-provided) and connection of 
the messages using an argumentation model. In order 
to structure the interactions, we have proposed an 
Argumentation Model for collaborative discussions 
[38] based on the IBIS (Issue Based Information 
System) Argumentation Model [24] to classify and 
relate the interactions. The output of this stage is a 
discussion graph.  
Stage 2: Contextualising is the second stage of the 
process. In this stage, the input is the Discussion Graph 
generated previously. The stage objective is to enrich 
each interaction in the Discussion Graph with contextual 
information and to create a Contextual Repository with 
the contextual information that could be useful to the 
interaction analysis (e.g., Subject, Group and Individual 
contexts). This contextual information can be captured 
implicitly (using monitoring agents or sensors) or 
explicitly (through questionnaires or forms filled in by 
the users). The outputs are the Contextualized 
Interactions (interactions with the context required to 
better understand them – just a part of the contextual 
information such as Interaction, Individual, Subject and 
Session contexts) and the Contextual Repository (that 
keeps all the contextual information, captured by the 
environment and that is required during the analysis 
stage).
Stage 3: Modelling and Storing. In this stage the 
input is the Contextualised Interactions and the 
Contextual Repository that were generated 
previously. The stage objectives are twofold: 
modelling the contextualised interactions in a 
multidimensional schema [23] and storing these 
interactions in a multidimensional repository. The 
output is the LIM.
Stage 4: Analysing and Generating Feedback. In 
this last stage the input is the information in the LIM 
that are accessed using Analytical Queries. There are 
two stage objectives: using Analytical Queries to 
explore the LIM and, based on the query’s answers, 
generating feedback for students and teachers 
according to their needs. The outputs are reports for 
students and teachers. 
This paper focuses on stages 2 (Contextualising) 
and 3 (Modelling and Storing) of this process because 
the main part of these stages are relate to the 
construction of the LIM. As we have already argued, 
without the LIM, it will not be possible generate 
feedback for students and teachers (the goal of the 
interaction analysis process). 
4. ENRICHING THE INFORMATION IN THE 
LIM: INTERACTION CONTEXTUALISING
 Context is a complex description of the 
knowledge shared on physical, social, historical and 
other circumstances where actions or events happen 
in the real world [5]. Although this knowledge is not 
part of the actions being executed or the events that 
occur, it will constrain the execution of an action or 
event interpretation without explicitly intervening in 
it [5].
Several domains [3][6][10][13][30] have already 
elaborated their own working definition of context. 
Although all the definitions are somewhat different, it 
is commonly agreed that context is about evolving, 
structured and shared information spaces, and that 
such spaces are designed to serve a particular purpose 
[10]. Bazire and Brézillon [3] show that all the 
definitions found on the web can be assembled around 
six questions:
• Who? - Information about people; 
• What? - Information about users activities in 
progress;
• When? - Information about time and historical 
Information;
• Where? - Information about environment; 
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• Why? - Information about the reasons related to the 
user actions; 
• How? - Information about user’s action plans. 
In conversation, context plays a fundamental role 
in disambiguating utterances [5]. Group members 
may find it difficult to recall information about the 
discussion, to justify their decisions when using 
interaction mechanisms, to remember previous ideas 
or to understand what other users have said when they 
do not know the context of each interaction. In many 
cases, only the context can provide the correct cues to 
give the right interpretation to a sentence or an action. 
In situations where geographically distributed 
individuals have to collaborate (especially if they are 
interacting asynchronously), technological support for 
understanding and storing the contextual elements 
involved (e.g., location and users’ goals) is very 
important.
In this scenario, in order to contextualize the 
interactions, we have identified different types of 
contexts at different levels, trying to include all the 
elements related to CSCLE that can help in the 
interaction analysis process and trying to answer five 
(Who? What? When? Where? How?) of the six 
questions mentioned by [3]. In our work, we have not 
worried about the question Why because in fact this is 
the most difficult question to answer. Indeed, it will 
be necessary to use some kind of Knowledge 
Discovery and Data Mining (KDD) to answer this 
question and, at this moment, we are only worried 
about how to extract information from the existent 
data. Thus, based on the generic conceptual 
framework for analysing the use of context in 
groupware, proposed by Rosa, Borges and Santoro 
[32], we have organised context in five different 
categories [39][40], summarised in Table 1 and 
described as follows. This organization is useful to 
map out the information that must be captured in the 
CSCLE to characterize each interaction. 
Information about people and groups (Individual
and Group Contexts) - The knowledge about the 
characteristics of individuals and the group as a whole 
is a resource that can be used by teachers to 
encourage interaction and collaboration [27]. This 
category includes: 
a)Group Context – it is important to have some 
knowledge about the group (abilities, experience, 
etc) in the LIM and which users compose the LIM 
in some specific moment. This kind of information 
could help to analyse if the group works well and, 
maybe, can help to create new groups in the future; 
b)Individual Context - the elements in this category 
help to characterise the user, as well as let other 
users to better understand her/his doubts, 
difficulties and actions in the environment. Some of 
the contextual information in this category can be 
obtained from the user’s model (generally present 
in the CSCLE). 
Information about scheduled tasks (Subject and 
Task Contexts) - in CSCLE it is important to know 
what the users are doing and which subject they are 
currently studying/discussing. So, this category 
includes:
a)Subject Context – it consists of information about 
the subject that users are currently discussing; 
b)Task Context - in CSCLE several tasks are possible 
(for example, to study a lesson, do exercises, do 
tests, discuss about a subject or draw something). 
The elements in this category are necessary to keep 
information about these tasks in order to identify 
what an individual or group is or was doing. 
Information about tasks and activities already 
concluded (History Context) - the information in this 
category tries to characterise the interactions that 
have already occurred. Its goal is to provide 
background information about the experiences 
learned either from the same group or from similar 
tasks performed by other groups. In this category, all 
contextual information generated is stored for future 
retrieval. It is the repository of the “group memory” 
(including contextual elements). Hence, a situation 
can be reconstructed with the context in which it 
occurred. This can also be used to share the latest 
news, seek advice and compare notes. Moreover, it 
allows students and/or teachers to access past events. 
Thus, it is a potential source of reflection for both the 
teacher and the student.
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Information about the environment where the 
interaction takes place (Session, Environment and 
Location Context) - it consists of information that 
characterises the environment and the current session 
where the interaction takes place and influences task 
completion. It also includes the user’s location, since it 
can change each time that users access the environment; 
Information about the relationship between people 
and tasks (Interaction and Planning Context) - in 
CSCLE it is important to know who is doing what, i.e. 
what is the task’s execution plan and what is being 
discussed in the environment.  This type of information 
is represented in two kinds of context:
a) Interaction Context - it has information about the 
interactions that take place in the environment and 
about users’ behaviour when interacting;  
b)Planning Context – it consists of information about 
the course execution plan (generally presented in the 
pedagogical model of CSCLE). This is the difference 
between the official plan (made by the teacher) and 
the practices developed by students when they 
"contextualise" the plan in order to tailor the problem 
solving to the context at hand. In learning, an 
interesting side-effect of this approach is to clearly 
identify when a learner goes towards a dead-end way 
before the learner reaches it; 
The information presented in this conceptual 
framework (Table 1) can be captured explicitly (e.g., by 
asking a user information such as her/his age group or 
preferences) or implicitly (e.g., by using some kind of 
sensor or monitoring agent). The contextual information 
can also be available in some models or databases of the 
CSCLE (e.g. Task, Group and Planning Contexts can be 
captured in the Domain and Pedagogical Models in 
CSCLE).
To make matters clearer, let us consider the 
Individual Context. Most of the information in 
individual contexts can be captured explicitly, for 
example, by using a questionnaire that the user 
completes when s/he first logs in. Other information can 
be added to the individual context according to the 
behaviour of the user during the chat session. For 
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example, the contextual element participation
classification (see Individual Context in Table 1) 
classifies the user performance during the chat session. 
Thus, according to her/his performance, the user will be 
classified according to the following stereotypes2:
challenger, agreer, remiss, tutor, contributor, questioner, 
and inattentive. All the captured contextual information 
is stored in a Contextual Repository. 
5.  CREATING THE LIM: INTERACTION 
MODELLING AND STORING
 Once the interactions are structured and 
contextualised, they are stored in the LIM. To model the 
LIM, we have developed a multidimensional model. By 
using multidimensional modelling [23], we can apply 
analytical queries to explore the information stored in 
the model and generate feedback to both students and 
teachers.
Multidimensionality is based on the duality fact-
dimensions, i.e. facts are analysed regarding data in the 
dimensions [23]. A fact represents a subject of analysis; 
i.e. something that is not known in advance, an 
observation in the environment at a given time (for 
example, quantity of tasks or number of users). While 
dimensions show the different points of view, we can 
use them to study the fact. Dimension tables contain 
attributes that describe fact records in the fact table.
The LIM’s multidimensional model was based on 
the nine contextual categories (Group, Individual, Task, 
Subject, Historical, Session, Environment, Location and 
Interaction contexts) described in Table 1, for the 
purpose of better characterising the facts to explore (the 
number of interactions and the number of users). The 
planning context was not considered in this stage of the 
research. In the model, the historical context 
encompasses all the others and the individual context 
was put in the User dimension. Thus, the LIM’s 
multidimensional model (Figure) has one fact table 
(with two facts: the number of interactions and the 
number of users) and nine dimensions (eight contextual 
dimensions and one time dimension). This model allows 
the exploration of facts according to the user’s need and 
the context desired. 
Analytical Queries can be used to explore the LIM’s 
information. This kind of analysis can be used both by the 
users (directly) and by the CSCLE to support students and 
teachers and generate reports giving details about previous 
discussion and different types of learner contributions. 
Thus, it will be possible to answer the questions for three 
kinds of users: teacher, students and tutors. 
Figure 2: LIM's Multidimensional Model 
2 Further details on stereotype user modelling can be 
found in [29] 
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Some examples of questions (obtained from discussions 
among Computer Science teachers and refined 
according to the feedback given in workshops, seminars 
and conferences where this work was presented) are 
presented below: 
1) To teachers 
a)What were the subjects more discussed by 
students (they have the most number of 
interactions) in a specific chat session? 
b)What are the subjects which the students have 
more doubts in? 
c)Have the students discussed more when the 
activity has a high difficulty level? 
d)What were the activities with status X in the 
period Y? 
e)How many students with low knowledge level 
have participated in the execution of activity X? 
f) Mixes of the questions above. 
2) To students 
a)How my participation is related to the others 
students’ participation (number of interactions 
and participation level)?
b)What are the subjects which I have more doubts in? 
c)Who are the students that have similar difficulties 
than my own difficulties (in other words, students 
have the most of interactions using the interaction 
classification QUESTION in subject X)? 
d)Which were the subjects that I have discussed 
more?
3) To Tutors 
a)Who are the students that have difficulty in a 
subject that I know very well? 
The answers of these questions will be obtained by 
analysing data in the Facts Tables (Figure) with regard 
to data in the dimensions. For example, in question a) to 
teachers, we can calculate the maximum number of 
interactions (attribute of the table of Facts) according to 
the Subject dimension and with the Time dimension 
restricted to a specific date.
One example of using these questions is the 
following: suppose that one teacher have gotten the 
answer of the question “What are the subjects which the 
students have more doubts in?”. According to the 
answer, the teacher can decide to make a review class 
about these subjects available in the CSCLE. In another 
example, suppose that when students have the answers 
about her/his performance (e.g. question 2a and 2b afore 
mentioned for the students), s/he can decide looking for 
the teacher or study more or ask for help to her/his 
friends,
By answering these questions and generating reports 
about them, we intend to support students and teachers 
in their activities and in the reflection process. This kind 
of feedback generation is a very important resource in 
CSCLE [25][44] and it is not yet provided by most 
CSCLE.
6.  LIM’S IMPLEMENTATION
 To put the process of construction of the LIM into 
practice, we have implemented a prototype of a Context-
Based Environment for Interaction Analysis called 
SmartChat+. To simplify matters, at this point we have 
limited our analysis to synchronous interactions that 
occur in a chat environment. This is due to the fact that 
such interactions are a basic component of 
communication in any CSCLE. The chat environment 
used in the prototype construction was an Intelligent 
Chat for Discussion called SmartChat [37]. 
Figure 2 shows the prototype architecture, which has 
two components: the chat engine called SmartChat and 
the Context-Based Analytical Environment.  This 
Analytical Environment consists of: 
• An Agent Society composed by the Monitor and 
Modeller Agents and three repositories called 
Contextual Repository, Domain Knowledge Base
and Interaction Log. The Agent Society is 
responsible for structuring and contextualising the 
interactions as well as for recording them in the 
Interaction Log. A discussion session starts when 
the chat room is opened and the students log in. It 
finishes when all students log out. Moreover, the 
Agent Society is also responsible for acquiring all 
the Contextual Information (according to the 
Conceptual Framework for Interaction Analysis 
Context in the Table 1) and storing them in the 
Contextual Repository, as well as for generating 
On-Line Feedback to the environment’s users. 
The On-Line Feedback can be one of the three 
following actions (based on Feedback Rules 
stored in the Domain Knowledge Base and on the 
information in the individual context, stored in 
the Contextual Repository):
o Send support messages to users (e.g., “Well 
done! You’ve got excellent explanations!” or 
“You are so laconic, wouldn’t you like to 
participate more?”), according to the stereotype 
s/he fits in;
o Suggest references related to the subject being 
discussed (e.g., “If you have doubts about this 
Sandra A. Siebra, Ana Carolina Salgado& Patrícia A. Tedesco  A Contextualised Learning Interaction Memory 
59
subject, then you should consult the X book”); 
these references are stored in the Domain 
Ontology (that is part of the Domain 
Knowledge Base);
o Name another chat user that may collaborate 
with the user having difficulties (e.g., “Look, 
maybe Joe can help you with your doubts. Why 
don’t you talk to him?”). In this last case, the 
agent looks for somebody with the “tutor” or 
“contributor” stereotype and that has a good 
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Figure 2: SmartChat+’s Architecture 
• The LIM Generator that, at the end of the session, 
groups the interactions related to that session 
(extracted from the Interaction Log), takes the 
Contextual Information from the Contextual 
Repository, models these data in a multidimensional 
schema (according to the LIM’s Multidimensional 
Model in the Figure 3) and stores them in the LIM.
• The LIM is a shared organised memory that 
corresponds to the discussion database. It is the result 
of a process of accumulating data generated by group 
members during discussions in the chat environment 
and their respective context. Indeed, the historical 
context is in the LIM (see Table 1).
• The Report Generator is responsible for analysing the 
interactions (exploring the LIM) and issuing different 
reports for teachers and students during and at the end 
of the discussion session. Via this module, it is 
possible to generate statistical reports as well as more 
complete reports based on the information about 
previous discussions   
More details about the SmartChat+ can be found in [36]. 
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6.1  IMPLEMENTATION ISSUES
SmartChat+ was developed in Java [12] and uses 
RMI (Remote Method Invocation) [12] in the 
communication between server and chat clients. The 
agents (Monitor and Modeller) were implemented as 
threads in Java. The Modeller Agent uses production 
rules (located in the Contextual Repository) and an 
inference engine called JEOPS [18] to assign stereotypes 
to users (e.g., remiss, tutor) and also to decide the better 
feedback to give to students. 
The individual, group, location and environment 
contexts are stored in the Contextual Repository. It was 
implemented using both XML [28] and a relational 
database. Indeed, there is a flag, in a properties file, to 
indicate where the information will be stored (in the 
XML file, in the database or in both at same time). 
At present, the employed Domain Ontology 
represents the domain of Object-Orientation [41] and 
was defined in XML [28] due to its seamless integration 
with Java and the easy representation of hierarchical 
data structures 
The LIM was modelled in a multidimensional 
schema and was implemented using a data warehouse 
structure in the DBMS (Database Management System) 
Microsoft SQL Server 2005 [26]. 
The Report Generator module generates reports to 
teachers and students using OLAP (On-Line Analytical 
Process) queries [23] to explore the information stored 
in the LIM. To submit OLAP queries to the LIM, the 
Microsoft Analysis Sever Tool was used. The tool is 
integrated to the Microsoft SQL Server 2005 [26] under 
the name SQL Server Business Intelligence 
Development Studio. 
7. EXPLORATORY STUDIES AND RESULTS
 This section presents the initial exploratory studies 
carried out with the SmartChat and SmartChat+ and 
their obtained results. 
7.1. METHODOLOGY
Since SmartChat+ was developed in an incremental way 
(by gradually integrating new functionalities or modules 
to include a new stage of the Context-Based Process 
described in section 3), the exploratory studies were 
performed in different development stages of the 
SmartChat+. Therefore, we performed a series of 
eighteen exploratory studies divided into four groups, 
each one with different goals and happening at a 
different development stage of the prototype: 
• In the first group, the prototype was only a chat engine 
(SmartChat) and the goal was to test its usability. 
• In the second group, the Agent Society was integrated 
to SmartChat, forming the SmartChat+ (Figure 3). At 
that time, the Agent Society was carrying out just the 
first step (Interactions Structuring) of the Context-
Based Process (c.f. Section 3). Thus, the goal was to 
test the use of the Argumentation Model abstractions 
and the quality of the generated Discussion Graph. 
Moreover the correctness of the Domain Ontology (at 
that time, it represented the domain “Intelligent 
Agents”) was verified together with the quality and 
usefulness of an initial feedback generation.
• In the third group, the SmartChat+ counted with the 
chat engine, the Agent Society (with the Monitor 
Agent, the Modeller Agent, the Domain Knowledge 
Base, the Interaction Log and the Contextual 
Repository), the LIM Generator and the LIM (see 
figure 3). At that time, the SmartChat+ carried out the 
first (Interaction Structuring), second (Interaction 
Contextualizing) and third (Interaction Modelling and 
Storing) stages of the Context-Based Process for 
Interaction Analysis (c.f. section 3). Additionally, the 
on-line feedback was improved based on the 
information contained in the Interaction Log and in 
the Contextual Repository. In this version of the 
prototype the Domain Ontology was changed to 
formalise the concepts pertaining to “Object-
Orientation”. The goals of the exploratory studies in 
this group were to check whether the contextual 
information captured and used by the prototype was 
correct and whether the storage of the information at 
the LIM was being done properly. Moreover, another 
goal was to assess the quality of the improved on-line 
feedback and of the statistical reports provided by the 
environment.
• In the last group, the SmartChat+ was completed (all 
stages of the Context-Based Process for Interaction 
Analysis were implemented) and the goal was to 
verify the usefulness of the generated reports with 
users as well as their satisfaction with the prototype.
In each group, several test sessions were carried out. 
In each of them, users (students and teachers) were 
invited to use the prototype for a period of 60 to 90 
minutes, to discuss about the subject of the current class. 
In order to achieve the goals discussed above, the 
following techniques were used: interviews, 
questionnaires, direct observation of the users, manual 
analysis of the interaction log (it entails opening the log 
file and analysing,  message by message, all the 
information into it (e.g., check what the most discussed 
subject was), manual analysis of the contextual 
repository (it entails opening the Contextual Repository 
and checking the contextual information recorded in it, 
item by item) and observation of the server console 
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(since the system presents messages in the server 
console about all the operations that were been executed 
by the system internal components (e.g., the agents), the 
observation of these messages could help to check the 
operations in course). 
Even though we have performed four sets of 
exploratory studies, aiming at investigating various 
issues as mentioned before, in this paper, we will only 
discuss the exploratory studies and results related to the 
construction, contextualization and exploration of the 
LIM. Therefore, in this section only three groups of 
exploratory studies, comprising sixteen experiments will 
be described in the following subsections. All the details 
about the complete exploratory studies can be founded 
in [36].
7.2.  FIRST GROUP
In the first group of exploratory studies, the 
prototype neither captured nor used any kind of context 
and the LIM had not been implemented. Yet the 
prototype was already giving some on-line feedback 
(mostly motivational messages depending on the user 
classification) and generating simple statistical reports 
(one to the student and one to the teacher) at the end of 
the discussion session. The student statistical report was 
individual and showed her/his own performance in the 
discussion (e.g., the most discussed subject by her/him, 
how many messages s/he had sent); and the teacher 
statistical report had information about the students and 
the global discussion (e.g., both the most difficult and 
most discussed subjects; indication of the more 
accomplished learners in each subject, so that they can 
be used as peer tutors for students having difficulties, 
and a list of apathetic students who needed to be 
motivated).
The goals of the experiment carried out at this point 
were to verify: (1) the level of acceptance of the initial 
on-line feedback and (2) the level of acceptance and the 
correctness of the statistical reports produced. 
To perform the test, ten undergraduate and graduate 
students were invited to participate in four discussion 
sessions about Intelligent Agents using the environment, 
over a two-week period (two per week). In each session, 
the participants, all in the same laboratory, discussed 
about Intelligent Agents for 90 minutes. During the 
discussion two people have observed users as they 
worked and took notes about the activity that took place 
in order to measure what they did (Direct Observation). 
At the end of the discussion, the users were asked to fill 
in an evaluation questionnaire about the environment. 
Subsequently, the answers of the questionnaire were 
analysed by the two observers. 
The participants have liked the initial statistical 
reports but they proposed that the report generated must 
be improved to offer more information and statistics 
about the chat. In relation to the on-line feedback 
produced, the users have suggested that it could indicate 
references to the subjects that participants have 
presented some difficulty in discussing. 
7.3.  SECOND GROUP
In the second group of exploratory studies, the 
SmartChat+ was carrying out the interaction 
contextualisation and the LIM was being created (but it 
was not being explored). Additionally, the on-line 
feedback was improved based on the information 
contained in the Interaction Log and in the Contextual 
Repository (see Figure 3). The goals of the exploratory 
studies in this group were to check whether the 
contextual information captured and used by the 
prototype was correct and whether the storage of the 
information at the LIM was being done. Moreover, 
another goal was to assess the quality of the improved 
on-line feedback and statistical reports provided by the 
environment.
To perform the exploratory studies, between 20 and 
28 students (graduated and under graduated students) 
were invited to participate in ten discussion sessions 
about Object-Orientation using the SmartChat+. Three 
teachers of the Object-Orientation course were also 
invited to participate in these discussion sessions. In this 
group of exploratory studies, we carried out ten 
discussion sessions, over a one month period. Eight 
sessions were performed without the presence of any 
teacher and two sessions with, at least, the presence of 
one teacher. All the participants were allocated in the 
same laboratory and all sessions lasted for about 90 
minutes.
To verify the correctness of the contextual 
information captured, the information in the Contextual 
Repository and in the Interaction Log was manually 
analysed, observing item by item each piece of 
information recorded. To verify the information stored 
in the LIM, the multidimensional database was queried 
and the query results compared, manually, with the 
information in the environments’ repositories 
(Contextual Repository, Interaction Log and Domain 
Knowledge Base). Finally, to verify the level of 
acceptance of the feedback and reports generated, at the 
end of the discussion, the users were asked to fill in an 
evaluation questionnaire about the environment. 
Subsequently, the answers of the questionnaire were 
analysed by two researchers and the results used to 
improve the prototype and the generated feedback, and 
to guide in the creation of the new reports. 
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Concerning the contextual information, the 
Interaction Log and the Contextual Repository were 
analysed and it could be checked that the contextual 
information was acquired correctly. Also, it was possible 
to confirm that the multidimensional model of the LIM 
was correctly filled in through the execution of queries 
in the multidimensional database in order to compare the 
results of the queries with the information stored in the 
repositories. All the comparison was done manually, 
checking line to line of the registers. 
With respect to the on-line feedback, most of the 
users have liked it. They have said in the questionnaire 
that this resource had helped them to keep the focus in 
the discussion and to be aware about their level of 
participation in the discussion. Among the users that 
have not liked, the reason was that they have thought the 
feedback inconvenient. With respect to the statistical 
reports, the participants (students and teachers) have 
suggested that they should be improved to offer more 
information about the chat discussion in order to help 
the participants in their self-evaluation. They pointed out 
that reports including historical information and tips on 
how to improve one’s participation in the collaborative 
dialogue would be useful. This would be possible with 
the exploration of the LIM. 
7.4.  THIRD GROUP
In the last group of exploratory studies, the 
exploration of the LIM was implemented in the 
SmartChat+ and the goal of the exploratory studies was 
to verify the acceptance of new generated reports and 
their correctness.
To perform these last exploratory studies, some 
participants of the previous group of experiments (about 
20 students and two teachers) were invited to participate 
of two sessions of discussion. The subject discussed was 
the same (Object-Orientation) in both sessions. All 
participants were located in the same laboratory and 
each session lasted for about sixty minutes. At the end of 
the discussion session, both the teachers and the students 
were asked to fill in a feedback evaluation questionnaire 
with questions directed at assessing the quality of the 
generated reports. 
 To verify the level of acceptance of the new 
format of reports the answers of the feedback evaluation 
questionnaire were analysed by two observers. Out of 
the twenty students, twelve mentioned that the reports 
can help them in the self-evaluation process. They have 
commented that it was interesting to have the possibility 
of seeing their behaviour in the chat compared with 
other users (the most and least participative user). 
However five students have thought that the reports 
were not so good because they had expected more 
information about other users and about themselves. 
Unfortunately, they have not specified what information 
they would like to see. With respect to the quantity of 
reports, some of the students have considered it enough 
and the others have considered it insufficient, whishing 
that there were more reports. This is due to the fact that 
it was not possible to generate a large variety of reports 
in the context of this work. However, considering that 
all the interactions and their contextual information are 
stored in the LIM, new queries can be created at any 
time.
Teachers have indicated that they have liked the 
reports and have mentioned that the reports could be 
useful to keep up with the students’ behaviour in the 
discussion sessions.  The information in the reports 
could help them to choose the better way to guide the 
users and give some feedback to them. They have also 
mentioned that they do not know other chat that offers 
such kind of reports. Moreover, the teachers have 
suggested that new information should be included in 
the reports: information about a group or individuals 
(e.g., email, interests and knowledge level), students’ 
location when interacting in the discussion session and 
historical evolution of the user classification. The 
teachers have also asked us to include the possibility of 
saving the reports in PDF format in the system. 
7.5.  DISCUSSION
All the exploratory studies (with their settings, goals 
and results) are summarized in Table 2. It is important to 
observe that the analytical queries have made easier to 
explore the contextualised historical information stored 
in the LIM to generate reports for students and teachers. 
Moreover, the contextual information acquired has 
helped to generate more complete reports and more 
qualitative feedback (e.g., indicating the classification of 
the user according to the participation level).
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Table 2: A Summary of the Exploratory Studies 
Exploratory Studies Group 1 Group 2 Group 3 
Number of Students 10 20 to 28 20 
Number of Teachers 1 0 to 3 2 
Number of Discussion Sessions 4 10 2 
Session Duration 90 minutes 90 minutes 60 minutes 
Capture of the 
Contextual Information
 X  
LIM’s Generation  X  
Acceptance of the On-
Line Feedback 


















Correctness of the 
Generated Reports
X X X 
Questionnaire X X X 
Direct Observation X   
Manual Analysis of the 
Interaction Log 
X X  
Manual Analysis of the 
Contextual Repository 
 X  

















Observation of the 
Server Console 
X X  
Contextual Information  Information captured 
and stored correctly 
Information stored in 
the LIM 
 Information modelled 
and stored correctly 




Good acceptance and 
few critiques 





Acceptance of the 
Reports
Poor reports Good Acceptance and 
suggestions of new 
reports
Good Acceptance 
The obtained comments from users (through 
interview and questionnaire) have indicated the 
usefulness of the generated reports (which contain the 
answers to the questions listed in section 5) and 
feedback. Indeed, most of the students have accessed the 
reports and they have written in the questionnaire that 
they liked both to have a way to get information about 
their behaviour in the discussion as well as to have some 
way to compare their behaviour with others. Similarly, 
teachers have considered it really useful to have more 
information about their students and to have the 
possibility of accessing summarised reports about the 
student’s behaviour in the discussion sessions. They 
have indicated in the questionnaires that these reports 
could help them in assessing and observing the students 
interaction and individual progress. 
8.  CONCLUSIONS AND FUTURE WORK
Although several works consider reflection as one of 
the most useful skills during the learning process 
[20][21][46], most recent CSCLE still lack ways of 
supporting learners’ and teachers’ needs and the 
reflection process. Our work aims to attenuate these 
gaps by proposing a contextualized process for 
Interaction Analysis that intends to support both students 
and teachers via the exploration of the LIM.
In this paper, we have presented the stages of our 
process for Interaction Analysis that focus on the 
creation of a LIM where contextualised interactions are 
modelled and stored. This LIM is a multidimensional 
repository built with the purpose of facilitating the 
execution of analytical analysis, in order to generate 
support for students and teachers and many kinds of 
feedback reports. Also, the information generated 
through the analysis of the data in the LIM could be 
used to improve and support awareness [15][42] in 
CSCLE. Awareness can be used to facilitate effective 
group communication and coordination.
One major advantage of our approach is that it 
considers the context where the interactions occur, 
creating the LIM with contextualized historical 
information about discussion sessions, in order to 
generate feedback for both students and teachers. This is 
an advantage because, in many cases, only the context 
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can provide the full understanding of many interactions, 
actions or events and the correct cues to allow the 
correct analysis of the interactions, in order to better 
support user reflection and to provide adequate 
feedback.
The implementation and experimentation of an 
intelligent environment for collaborative discussions 
called SmartChat+ was also described. This 
implementation has allowed us to evaluate the 
construction and exploration of the LIM. Moreover, the 
results of the experimentation were discussed, indicating 
the feasibility of the proposed process and its potential 
to support effective learning. 
During the development of this work, some 
limitations were found.  First, although the Context-
Based Process for Interaction Analysis had been defined 
to CSCLE, a CSCLE was not used in the prototype 
implementation, in order to simplify matters. Instead, we 
have used a tool for synchronous communication among 
users in the SmartChat+ construction.  The prototype did 
not consider the planning context (because this context 
should be captured in the Pedagogical Model 
Knowledge Base of the CSCLE which has information 
such as learning strategies and course planning). The 
number of generated reports is still small. However, 
since the model of the LIM was defined and the module 
to load it is fully functional, new reports and queries can 
be constructed in the future.  
Our future research will concentrate on better 
exploring the analytical queries and the information 
stored in the LIM. For example, constructing more 
report templates using analytical queries. We will also 
perform more exploratory studies with users in order to 
verify the usefulness of the generated reports for 
students and teachers. We will also work on defining a 
communication interface to integrate the SmartChat+ to 
other environments (e.g. CSCLE). Additionally, we 
intend to use a mechanism of inference to discover 
knowledge from the data in the LIM, in order to try to 
answer the question “Why?” described in [3]. 
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